A rapid, semiquantitative method for screening large numbers of virus samples by negative staining electron microscopy is presented. Results obtained by this method are compared with results obtained by the pseudoreplica method and a measureddrop method. A figure is presented which represents the limit of detectability for virus by negative staining.
Our laboratories are engaged in virus production, purification, and research in which electron microscopy is the principal tool for determining virus content. This work; called for the development of methods of virus quantitation, using electron microscopy, which had acceptable levels of accuracy and reliability and which could be applied in a situation in which large numbers of samples were to be rapidly evaluated for relatively large differences in virus content, i.e., routine screening of viremic animal fluids, evaluation of multiple fractions from purification procedures such as column chromatography or gradient centrifugation, etc. The negative staining technique (2, 4, 5) is extremely useful as a rapid means of visualizing virus particles, and the literature contains several suggestions for its use in virus quantitation (1, 3) . Previous reports, however, have been sketchy as to procedural details, and correlations of the negative staining method with other counting procedures are generally lacking.
This report describes the development of a rapid, semiquantitative method of virus quantitation based on the negative staining technique that has been used in our laboratories for over 3 years on thousands of samples of murine leukemia and herpes-type viruses. The limitations of the method and the correlation with other more laborious methods of virus counting are also presented. For a thorough review of the subject of electron microscopic virus quantitation, in which the various detailed methods are evaluated, the reader is referred to the review of Sharp (12) .
MATERIALS AND METHODS
The following viruses were used in the experiments:
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P-3J virus obtained from cultures of the Burkitt lymphoma cell line P-3 (9), herpes simplex type 1 Clapp strain (HSV) grown in human skin and muscle fibroblasts, the Lucke renal adenocarcinoma herpesvirus kindly supplied by M. Mizell, and Rauscher murine leukemia virus (RLV) produced in vivo in our laboratories. The P-3J virus and the HSV were concentrated from clarified culture medium by centrifugation at 80,000 X g for 0.5 hr and were kept under refrigeration in a small amount of growth medium until they were used (usually within 0.5 hr). Details of the purification procedures for the Lucke virus and semipurified P-3J virus have been published (15, 16) , as have details of the preparation of the Rauscher plasma virus (7). The stain used throughout all of these experiments was 2% aqueous phosphotungstic acid (PTA), pH 4.4. Bovine serum albumin (BSA) was added (0.08% to 0.8%) to certain samples, as will be noted, to improve sample spread on the grid.
The three methods of quantitation used are as follows.
Negative staining latex method. For the negative staining latex method (based on references 17 and 18), a suspension of latex particles having a diameter of 126 nm (Polystyrene Latex, Dow Chemical Co., Midland, Mich.) was used. By dry weight determination and particle size information supplied by the manufacturer, the latex particle concentration of the suspension supplied was found to be 1014 particles per ml.
The negative stain samples were prepared by mixing the latex, virus suspension, and PTA (all measurements made with a microdiluter, Cooke Engineering Co., Alexandria, Va.); dipping an ionized, 200-mesh, Formvar-carbon-coated grid into the mixture; and draining the grid by touching its edge to a piece of filter paper (14) . When the sample spread was uneven, other grids were prepared by using 2% PTA in 0.08% BSA to overcome the difficulty. Three dilutions were made on each sample, and 24 grid squares were counted on each dilution for the work reported on RLV. As the work progressed and correlations of this method with other established methods of quantitation were made, three dilutions were found to be unnecessary. On all of the work reported on the various herpesviruses, only one dilution was used and 10 grid squares were counted.
The following general formula, based on a simple ratio, is used to relate the virus particle (VP) count (unknown concentration) to the latex particle (LP) count (known concentration): VP/ml = [(LP/ml) (VP counted per unit area)/LP counted per unit area] X (1/sample dilution).
Sedimentation pseudoreplica method. The sedimentation pseudoreplica method used was based on the work of Sharp (11), Rhim et al. (10), and Smith and Melnick (13) . The technique involves the sedimentation of virus onto agar blocks within a special particle-counting rotor chamber. The Sorvall ParticleCounting SU Rotor, with a 1-cm chamber, was used in a Sorvall RC-2 centrifuge with samples generally being centrifuged for 1 hr at 30,000 X g.
After centrifugation, the viruses were retrieved by making a pseudoreplica of the agar surface with 0.75% Parlodion in amyl acetate and floating this thin film onto a solution of PTA in BSA. The pseudoreplica was then picked up on an ionized 200-mesh Formvar-carbon-coated grid and the particles were counted. A minimum of 10 200-mesh grids were placed on a peg rack which allowed the grid to extend over the peg, carbon side up. The dialyzed samples, mixed with PTA and water to the desired dilutions, were then drawn into a 10-Aliter Hamilton microsyringe, filling the syringe to 8 j.Aiters. A 5-,uliter amount was then deposited onto the grid, and the grids were dried in an oven at 37 C for 1 hr. A minimum of 10 representative grid squares were examined to obtain the average virus particle count per grid square for each of three dilutions per sample.
The following formula was derived for computing the virus particles per milliliter of starting sample: VP/ml = (total area covered by 5 Mliters/area of square on a 200-mesh grid) X (1 ml/5 /liters X (1/dilution) X average virus count per grid square.
RESULTS
The initial subject for quantitation by the negative staining latex method was RLV. Using the data on approximately 250 observations obtained by the latex negative staining procedure, we have determined that, at a dilution of 1:4, one virus particle per grid square will be present when the starting concentration is 3.4 X 107 VP/ml. Thus, VP/grid square yields 3.4 X 10', etc. Figure 1 demonstrates this conversion of VP/grid square to VP/milliliter and shows groupings of numbers of virus particles into categories (10 to 25, 25 to 50, etc.) which we have found convenient.
The negative staining latex method is rapid and can be applied to large numbers of samples, but, to demonstrate that it is as accurate as more time-consuming methods, a comparison between this method and other methods based on different premises was made.
The sedimentation pseudoreplica and negative staining latex methods agreed closely (Table 1) . No virus sample varied by as much as 0.5 log between methods, except for the latex particles alone. In no instance was the expected number of latex particles recovered by pseudoreplica (Table  3) , although this was repeatedly attempted.
As an additional check on the reliability of the pseudoreplica method, the following procedures were carried out. (i) The spent agar blocks were recoated and restripped to reveal any virus particles stuck tightly on the agar surface. (ii) The agar blocks were thin-sectioned so that any virus embedded in the agar could be found. (iii) The supernatant fluid was resedimented onto new agar blocks and replicated to make sure that all of the virus was brought down by the amount of centrifugation being done. None of these procedures produced more than an occasional chance virus particle, and it is therefore assumed that all of the virus had been recovered by the pseudoreplicas. Table 2 shows a comparison of the results obtained by quantitation of various other samples by the measured-drop and the negative staining latex methods. As above, no sample varied by as much as 0.5 log between the two methods. Table 3 shows the results of the counting of certain samples by all three of the above described methods. It is obvious from these data that the three methods of quantitation described yielded the same results on replicate samples in the cases cited.
Another class of sample, the "ultrapure" sample with less than 100 ,g of protein per ml, required some special handling. The negative staining latex and the measured-drop methods were found empirically to be unreliable on such samples, probably because the low protein content does not allow adhesion of the virus to the grid film, but such samples can be sedimented in the rotor, the low protein content apparently not affecting the ability of the agar to hold the virus. It should be stressed that the quantitation of the exceptionally pure virus samples is still not verifiable, since no other satisfactory method of quantitation has yet been found to compare with the pseudoreplica data. Indirect evidence to support VOL. 20, 1970 the validity of the use of the sedimentationpseudoreplica method on ultrapure samples is obtained by dividing a typical Lowry protein determination on a Lucke virus preparation (0.05 mg/ml) by the corresponding virus count (1011 VP/ml) (16) . This figure (5 X 10-16 g of protein per virus) compares favorably with recently published findings on the dry mass of herpes simplex virus (6) . Such evidence is of questionable significance and is only considered to be suggestive of corroboration. DISCUSSION All three of the methods of quantitation presented above agree within 0.5 log on replicate virus samples which contain greater than 100 jig of protein per ml. Therefore, the choice of which method to use for quantitation on a daily basis becomes a matter of convenience. The negative staining latex method, in which a negative stain of the sample is prepared, the virus is counted, and the grid square virus count is multiplied by 3.4 x 107, is the most convenient of the three and therefore is considered to be the method of choice. For samples containing less than 100 ,ug of protein per ml, this method is not satisfactory and the pseudoreplica method must be used.
The question of what viral concentration is needed to detect virus by negative staining has also been answered by these experiments. The figure of 3.4 X 107 virus particles per ml may be used for the lowest concentration at which unequivocal demonstration of the virus may be made (i.e., 1 VP/grid square).
The problems of uniform spreading of sample and virus clumping cause discrepancies in repeatability in counting some samples. The addition of BSA to the sample-PTA mixture and the making over of all samples that are obviously clumped or poorly spread help to overcome these difficulties, but they still must be reckoned with. The presence of a known quantity of latex in the sample will help in avoiding samples which are too thinly applied to the grid, but even this safeguard fails when the sample is thick with cell debris. In working with herpes-type viruses, the problem of virus particle recognition is not significant, but for other types of viruses where this problem might arise exposure of the sample to osmium vapor may be useful. Taking these problems into account, the negative staining latex method is still extremely useful in a program in which large numbers of samples are to be quantitated and in which a variation of up to 0.5 log can be tolerated.
